The pattern of '3C and 1H nuclear magnetic resonance (NMR) shift changes produced by complexation of cobalt and nickel acetylacetonates with amines and alcohols indicates that there is more than one mode of operation of the contact interaction. A large effect with alternating signs is important at the a and # carbons, but this effect seems to be overlaid by another influence that appears to fall off monotonically as one proceeds away from the site of complexation.
It is clear that there are large contact contributions to the changes of 13C chemical shifts resulting from complexation of nickel and cobalt acetylacetonates with amines (1-3). With saturated amines, these appear to operate by way of the a-bond electrons (1) (2) (3) and show a propensity for alternation in sign as one proceeds away from the a carbon. Such alternation of sign is usually ascribed to the "spin polarization" mechanism of contact interaction.
In more extended studies of the 13C shifts of amines induced by Co(AcAc)2 and Ni(AcAc)2 of saturated amines and alcohols (Table 1) , a picture emerges that seems substantially more complex. In the first place, with Ni(AcAc)2, the a shifts are invariably smaller in absolute magnitude than the j3 shifts, contrary to some (2), but not all (4), theoretical predictions: secondly, the y shifts for primary amines* are not normally opposite in sign to the , shifts; third, with 1-aminoadamantane and Ni(AcAc)2, the a and # shifts have the same sign; finally, the 13C shifts observed for alcohols are all of the same sign and downfield. We have pointed out elsewhere (3) that the proton signals seem much less subject to contact contributions than carbon signals with lanthanide-shift reagents, and this effect is borne out here with Ni(AcAc)2 and 1-butyl-and 2-butylamines. With Ni(AcAc)2, the dipolar contributions are expected to be small because the g tensor should be more or less isotropic and the contact contributions should then be dominant. In accord with this expectation, the proton shifts (in ppm) are quite small compared to the carbon shifts (in * The situation appears to be different with secondary amines such as piperidine (2), although we find the a/-y carbon shift ratio for piperidine with Ni(AcAc)2 to be +20/1 rather than the + 10/1 reported. It seems possible that the magnitudes of the other small -y shifts (2) may be similarly uncertain for failure to use an internal reference or apply susceptibility corrections. ppm). With Co(AcAc)2, the dipolar contributions should be significant, and now the proton shifts can be seen to be much larger and all positivet. Although the procedure hardly seems theoretically justifiable, we have found for several compounds that the differences between the nickel-and cobalt-induced shift changes for either the proton or carbon resonances give a rather reasonable facsimile of the pattern of shifts induced by lanthanide-shift reagents for the same compound .
If we take the Ni(AcAc)2 results as being indicative primarily of the contact contributions to the carbon shifts, it is clear that the a-carbon resonance must be influenced by at least two mechanisms operating in opposite directions. One of these can be spin polarization, which has been shown to be important for lanthanide chelates and amines and alcohols (3, 5) .t This effect is expected to be large and have opposite signs at the a and ,B carbons, and small at the a hydrogen, with the same sign as for the , carbon. Overlaying this effect must be an opposing contact effect that operates over all the carbons with the same sign, and falls off strongly with distance, but is felt appreciably out as far as the -y carbon. This opposing effect could be the a-delocalization mechanism discussed by Fitzgerald and Drage (6) . This effect clearly must have considerable structural specificity because it becomes much larger in amines as the a carbon becomes more substituted [the ratios of Ni(AcAc)2-induced a/l 'IC shifts in 2-butylamine and 1-aminoadamantane are -0.4 and +0.1, respectively] and, furthermore, the ry shift of C6 (-35 ppm) in exonorbornylamine is much larger than for C4 or C7 (about 0 ppm) (3). § The # hydrogens, which are not magnetically equivalent by symmetry, are shifted very differently; this may be the result of differences in dipolar contributions, but might also reflect stereospecific contact effects (2).
It seems clear that the transition-metal chelates may have substantial utility as shift reagents in organic structural analysis by giving rather different information than can be obtained with the lanthanide chelates.
